Environmental hazards to health have a high public profile, but assessment of the risks that they pose is not easy. What is the morbidity, if any, caused by living near a hazardous waste incinerator? Do oestrogenic alkylphenolic pollutants in drinking water affect reproductive function, and if so, how much? Such questions have important implications for public health policy, but epidemiologists find them hard to answer.
One difficulty is the need to detect risks that are only marginally increased. In the occupational setting, uncertainties about low levels of risk can often be tolerated. We accept that many jobs carry a toll of injury or illness, provided that the risks are small and are controlled as far as is reasonably practical. The same levels of risk are not acceptable when the cause is pollution of the general environment. For one thing such pollution affects many more people, including potentially vulnerable groups such as children, pregnant mothers, and elderly people. Also, people are thought to have more choice about the job that they do than about the general environment to which they are exposed. The problem for the epidemiologist is that, even with large studies, small increases in risk are difficult to disentangle from the effects of bias and uncontrolled confounding.
Another major limitation is the lack of reliable information about people's exposure to environmental pollutants. Many epidemiological investigations rely on proxy measures of exposure such as distance of residence from a point source of pollution, but do not assess their validity. Techniques for measuring personal exposures in the workplace are now relatively well developed, but they have not been applied so widely in environmental studies. When errors in the assessment of exposure are unrelated to health outcome (as is most often the case) the effect is to attenuate risk estimates, and make hazards more difficult to detect.
In response to these problems, An exciting advance in recent years has been the development of techniques for measuring DNA adducts in people exposed to genotoxic carcinogens.4 Adducts form when such compounds or their metabolites interact with nucleophilic sites in DNA, and if not repaired can induce gene mutation, perhaps thus initiating carcinogenesis. Adducts are also formed with proteins such as haemoglobin, and although they are not thought to be as relevant to the carcinogenic process as DNA adducts, these too can be measured.
The analysis of adduct formation has three potential applications in the study of environmental carcinogens. Firstly, DNA and haemoglobin adducts may provide a measure of personal exposure that can be related to subsequent cancer incidence. Secondly, DNA adducts may serve as a proxy measure of disease outcome, eliminating some of the problems that occur in the investigation of carcinogens with a long latency. And thirdly, differences in propensity to form adducts when exposed to a carcinogen at a given level may distinguish people with unusual susceptibility to the hazard. If so, epidemiological studies restricted to such people might identify risks more clearly.
As yet, the scope for these applications is unclear. We need to know how closely adduct formation reflects personal exposure, how much variation in adduct formation occurs in people with similar exposures, what factors contribute to this variation between people, and how it relates to subsequent risk of cancer. A number of studies that answer the first three questions have been reported or are currently in progress, but answers to the last will require a bigger investment and will take longer to achieve.
Research in this area needs effective collaboration between epidemiologists, hygienists, and molecular biologists, and study designs must allow for the limited scale on which some of the assays for adduct formation can currently be carried out. For example, when looking at adduct formation as a risk factor for cancer, nested case-control designs with prospectively stored blood samples may be particularly appropriate. The validity of assays in stored specimens will first need to be established. In the long term, it should be possible to automate laboratory procedures that will be widely used.
Sampling procedures
The two other needs identified by the MRC's working group are more mundane, but nevertheless important. The first is the requirement for more attention to sampling procedures when measuring environmental pollutants. Differences in sampling strategies can have a major impact on the concentrations of pollutants that are found. For example, when measuing concentration of oxides of nitrogen in outdoor air, the positioning of samplers relative to roads can make a big difference to results.5 As yet there is no general agreement on where samplers should be placed. Similarly, the distribution of pollutants in soil can be very localised-for example, concentrations of chlorinated solvents may be increased immediately next to a leaking drum on a waste disposal site-and the spatial distribution and depth of sampling points can have a profound influence on measured concentrations. Also, the methods of storing and treating samples before analysis can introduce further variability.
In some cases it may be possible to standardise sampling procedures. For example, in the routine monitoring of drinking water that is currently carried out in Britain, samples are collected according to a standard protocol, both at water treatment plants and at the tap. In other cases-for example, measurement of pollutants in soil-the optimal sampling strategy will depend on the study question. In either situation, however, the methods of sampling and of storing and transporting samples should be adequately documented so that results can be properly interpreted and compared with those from other studies.
Quality assurance
The third major need is for better quality assurance of environmental exposure measurements. At present quality assurance in this field is not as well developed as it is, for example, in clinical chemistry, which could well serve as a model for good practice. Elements of a quality assurance programme should include observance of documented protocols and standardised procedures, not only for sampling and storage of specimens but also for their analysis in the laboratory; internal quality control, for example, through the use of "quality control samples" at regular intervals; and external quality assessment schemes, or if these are not available-for example, for very specialised analyses such as assays of DNA adducts-checks on accuracy with certified reference materials.
It is intended that the working group's report will help the MRC to formulate its research strategy on environmental pollution, and assist the research community by indicating some of the priorities for future investigation. Proposals for studies to examine the determinants of personal exposure and uptake of pollutants, and the potential of DNA adducts as markers of uptake or proxies for disease outcome, or both, are clearly important. Also, research proposals should pay due attention to sampling methods and quality assurance of assays. 
